The genus Alstroemeria encompasses approximately 80 species endemic to South America, with 2 centers of diversity (Chile and Brazil). In Chile, Alstroemeria represents one of the most diverse genera of vascular monocotyledons, comprising more than 50 recognized or accepted taxa (36 species, 11 subspecies and 10 varieties) from which ca. 82% are endemic to the Mediterranean zone of central Chile, one of the world's diversity hotspots. The taxonomy of the genus is very difficult due to the great variability of the vegetative and floral traits. Moreover, a number of taxa have been recently described and several nomenclatural changes have been proposed. In order to elucidate the taxonomy of some Chilean complexes of Alstroemeria, an integrative approach including morphology, colorimetry, cytogenetic, multivariate statistical analyses of morphological variation and DNA-molecular studies have been conducted. In this chapter, we review the literature concerning these approaches; a checklist of the species growing in Chile is provided including all published names, references to the original protologues, accepted names, synonyms and the biogeographic status (endemic or native) of the accepted taxa; maps illustrating the diversity of the genus in South America and its distribution in Chile were constructed.
Introduction
The family Alstroemeriaceae Dumort. nom. Cons., belongs to the monocotyledon angiosperm clade (Subclass: Liliopsida, Order: Liliales) [1, 2] . It is distributed in Central and South America [3] , date (month); (10) Collection date (Year); (11) Herbarium and (12) Herbarium number. A total of 714 specimens were included in the CONC-DB. In addition to historical specimens, plants were collected and photographed in the field and kept in CONC. A checklist is provided including all published combinations, references to original publication, accepted names and biogeographic status (endemic or native). Maps illustrating the diversity of the genus in South America and distribution in Chile were constructed based on data taken from the CONC-DB and literature [14, 15, 23] , using the software DIVA-GIS 7.5.0.
Taxonomy and distribution of the genus Alstroemeria in Chile

General morphology
Alstroemeria comprises mostly perennial species. In 1998, Bayer [5] established the monotypic genus Taltalia to separate the annual A. graminea Phil., endemic to northern Chile, from Alstroemeria. Perennial species have cylindrical rhizomes, from which two kinds of roots born: thin roots and thick roots which contain starch ( Figure 1A) ; A. ligtu (locally known as "liuto") was used by indigenous people (Mapuches or Araucanos) to produce starch from the thick roots. According to Molina [26] , the farmers made from the roots of this plant "a white, light, nutritious and so healthy flour that they usually gave it to the sick persons…" [26] . Aerial stems are erect or decumbent. The leaves are often resupinated, that is, twisted from the petiole or the leaf blade so the lower surface becomes functionally the upper surface; sometimes the leaves form basal rosettes; leaf blades thin or thick, sometimes with papillae; the blade varies in shape from linear to elliptic or ovate; fertile stems usually have reduced leaves but sterile stems have well developed leaves ( Figure 1B) . The flowers are slightly zygomorphic ( Figure  1C-D) , with six free tepals in two verticils; the three outer tepals are similar in shape and color; the inner three tepals are differentiated in two upper inner tepals and one lower inner tepal.
Upper inner tepals with colored lines (nectar guides) on a lighter background ( Figure 1D ). Stamens 3: the ovary is inferior, 3-carpellate, 3-loculate. The fruit is a six-ribbed loculicidal capsule ( Figure 1C ) with explosive dehiscence, with numerous globose seeds (Figure 2 
Colorimetric studies in Chilean Alstroemeria
In Alstroemeria, the flowers varies in color from white to yellow, pink, red, purple and violet according to the species [11, 14] ; color is regulated by several pigments including anthocyaninlike 6-hydroxydelphinidine 3-rutinoside, 6-hydroxycyanidin 3-rutinoside, delphinidin 3-malonylglucoside among others, carotenoids and flavonoids [27] . In some groups of plants, as occurs in Alstroemeria, it is possible that the taxonomic characters traditionally used do not have sufficient discriminant power to differentiate very close species or varieties within a species complex. In such cases, it may be useful to have characteristics that pose a new perspective on the problem. It has been shown that the color of the corolla, objectively measured, had high taxonomic value when the traditional characters were less informative to distinguish cryptic taxa [28] . In Alstroemeria, the color of the flower has often been used in keys and descriptions [11, 14, 15, 22, 23] , however, most of the time, the described color corresponds to a subjective perception of the same by the human eye. The color of the flowers is taxonomically significant in Alstroemeria [14, 29, 30] ; the however, some species showed variability in the background color [30] , because it depends on several ecological factors such as temperature and pH [31] . In order to describe objectively the color (mainly the background color) of the different tepals (external, upper internal and lower internal), the CIElab system [32] has been used in some species complexes of Chilean Alstroemeria [29, 30] ( Figure 3) . The CIE (Commission Internationale de l'Eclairage) color system uses three coordinates to locate a given color in the color space. The spectrophotometer registers the reflected wavelengths
as numerical values (spectral curve) from which the coordinates that place a given color in the color space are calculated. The color expressed in the CIELab scale uses the Cartesian coordinates L*, a* and b*. L* expresses the luminosity, a* denotes the green/red value and b* the blue/yellow value. The degree of luminosity of L* determines that a color appears lighter or darker and is expressed in a scale from 0 (black or total absorption) to 100 (white). The axis a* moves from negative values (green) to positive values (red) while axis b* moves from blue (negative values) to yellow (positive values). The color expressed in the CIELCh scale uses polar coordinates (L*, C*, h°), derived from the CIELab scale. C* denotes chroma (saturation, intensity) and h° denotes hue, expressed as angular measures. Chroma is the distance of the color from the axes a* and b* of L*, calculated as (a* 2 + b* 2 ) 1/2 and represents the color saturation; the hue, h° is calculated as arctg (b*/a*). In A. magnifica complex, the colorimetric study of the flower helped to elucidate the taxonomic position of A. pulchra var. maxima. This taxon, originally described by Philippi in 1864 [33] , was transferred by Bayer in 1987 to A. magnifica with the subspecific rank (A. magnifica subsp. maxima) [11] .
The colorimetric differences between A. magnifica and A. pulchra as shown in the reflectance spectra were due mainly to the parameters a* and b* indicating that A. magnifica have tepals comparatively more intense violet than those of A. pulchra var. maxima. Our results suggest that the color of the flowers can be used as a new taxonomic character in Alstroemeria and that var. maxima probably belongs to A. pulchra as originally proposed and not to A. magnifica [29] . Colorimetric studies were carried out also in A. presliana [30] . This species comprises two subspecies: subsp. presliana and subsp. australis. Alstroemeria presliana subsp. presliana grows in Chile (Regions of Maule and Biobío) and Argentina (Neuqén) [34] ; subsp. australis in endemic to Chile (Regions of Biobío and Araucanía) [11, 14] .
Although the color of the flowers is one of the most important characters to distinguish the subspecies [11] , there is a huge variability in color in the flowers of both subspecies. Differences in the spectral reflectance curves were detected between 440 and 540 nm and between 660 and 700 nm in the outer and lower inner tepals. Upper internal tepals differ mainly between 640 and 700 nm. The color measured in the CIELab space is related to the content of anthocyanins so that the flowers containing delphinidin-3-glucosides take on a more blue hue than those containing exclusively cyanidin-3-glucosides [35] . The presence of delphinidin-3-glucosides detected in subsp. presliana but not in subsp. australis [27] could explain the bluer hue observed in subsp. presliana in comparison with subsp. australis and the difference observed in the parameter b*, which takes negative values in subsp. presliana and positive values in subsp. australis both in outer and lower inner tepals. On the other hand, in the upper inner tepals, b* was positive (yellow), reaching higher values in subsp. australis and therefore denoting a more intense yellow color in subsp. australis than in subsp. presliana [30] .
Geographical distribution
In Chile, there are 38 species of Alstroemeria and 16 infraspecific taxa (8 subspecies and 8 varieties) and 1 nothospecies (A. x chrysantha) [23] . Nevertheless, more than 116 species have been described, most of which are considered synonyms or are names of uncertain application because there is no original material (types) in herbaria (see Checklist below). The description of such high number of taxa can be explained by the extent of morphological variation, especially of the flowers, which harbors most of the characters useful to taxonomy, (Figure 4) . In Chile, Alstroemeria spreads from 20°S (Tarapacá Region) to 53°S (Magallanes Region) [14, 23] . Most taxa have a very restricted distribution in Chile ( Table 1 ). The vast majority of the species are distributed in north (Tarapacá-Coquimbo) and central (Valparaíso-Biobío) Chile ( Figure 5) ; only six species growth in southern Chile (Araucanía-Magallanes species has been collected (A. aurea) and A. patagonica is found in Aysén and Magallanes being the most austral species of the genus Alstroemeria in the world. The latter species grow from 46°30′S to 52°45′S [14] and also in Argentina (Neuquén to Tierra del Fuego) [14, 34] .
Alstroemeria aurea is the species with the widest distribution in Chile (this species spreads over 
Cytogenetic studies in Chilean Alstroemeria
Cytogenetic studies in Alstroemeria have proved to be useful in delimiting species, since each studied taxon has a unique karyotype. These studies have contributed to the delimitation of Table 1 .
Towards an Integrative Taxonomy of the Genus Alstroemeria (Alstroemeriaceae) in Chile:… http://dx.doi.org/10.5772/intechopen.71823the different taxa, as well as to the understanding of the chromosomal processes that determine the divergence among them [39] . Recent studies at the infraspecific level, in taxonomic complexes of the genus, have also been shown to be useful in the recognition of these taxa, either due to differences in the chromosomal architecture or in the asymmetry indexes of the chromosomes [40, 41] . Strasburger [42] was the first researcher to perform chromosome studies in Alstroemeria and until 1989 the number of cytological published papers involved no more than 10 different species [43] . In the last 25 years, a wide variety of cytogenetic studies have been carried out in the genus, including physical location of repetitive DNA sequences in A. aurea [16, 44, 45] , meiosis and mitosis [46] , karyology [47] [48] [49] length of chromosome 3. RAPD markers (index of similarity) also showed a greater genetic distance of accession 4181 from the other three accessions of A. hookeri [39] .
The study of the chromosomes in Alstroemeria has already helped to clarify a number of taxonomic issues within the genus. For example, study of karyotypes in the A. hookeri complex permitted change a subspecies to the species rank (A. cummingiana), the recognition of a new subspecies (A. hookeri subsp. sansebastiana) and description of a new species (A. marticorenae) [19, 22, 40, 41] . Similar situation occurred in the A. presliana complex, where after completing a comparative karyotypic study in 11 populations, it was suggested that A. presliana subsp. australis, endemic to the cordillera of Nahuelbuta, should be raised to species rank [18] .
A number of cytological studies have been completed in the Alstroemeria ligtu complex. Buitendijik and Ramanna [16] and Buitendjik et al. [50] found variation in the DNA content and polymorphism of C bands in the chromosomes of subsp. 
Molecular studies in Alstroemeria
During recent years, an increasing accessibility to molecular data and the development of a vast range of bioinformatics analysis has favored the successful implementation of genetic tools in the identification and conservation of biological diversity [59] . Dominant molecular markers based on random fragment alleles e.g. Inter Simple Sequence Repeat (ISSR), Random Amplified Polymorphic DNA (RAPD) and Amplified Fragment Length Polymorphism (AFLP) have been used for characterizing genetic diversity in Alstroemeria [60] [61] [62] , becoming the marker of choice for the identification of cultivar varieties with ornamental value [63] [64] [65] and conducting population genetic analyses [66, 67] . The use of DNA sequences has been more related to the construction of phylogenetic hypotheses and establishment of biogeographic patterns [8, 9] .
Interestingly, near 30% of the Chilean species of Alstroemeria form species complexes, comprising from two to four infraspecific taxa each. This pattern is likely explained by adaptation to a wide range of environmental heterogeneity present in Chile [68] , which is possibly driving processes of microevolutionary divergence [14] . Given the complexity of interpreting the integrity within and among these species complexes, we started several initiatives for applied genetic studies with the purpose of disentangling the discernibility of intraspecific patterns of divergence, especially in groups highly regarded for their ornamental and conservation value.
Molecular markers in assessing genetic diversity for conservation in Alstroemeria
A priority goal in conservation is to evaluate levels of apportionment of genetic diversity in targeted species, given the association between population genetic diversity and their potential for local adaptation and evolutionary resilience. Genetic variability is the result of the dynamics of gene flow, for which a homogeneous distribution of allelic frequencies is expected under high levels of gene flow among populations [69] . Interestingly, this situation is rarely found in nature, since the strong effect that geographic isolation and selection represents for local populations of plants. As a result, it is not surprising that peripheral populations tend to increase gene differentiation and population structure levels; hence, contributing to the local isolation that eventually could result in different isolated species (Figure 7 ) [69] .
Such patterns of isolation and divergence are no exception in Alstroemeria, for which high levels of structuration are documented. For example, Alstroemeria hookeri represents a species complex that comprises four subspecies, two of them (subspecies recumbens and maculata) distributed in North-Central of Chile and two (subspecies hookeri and sansebastiana) in southern Chile. Based on ISSR (Inter Simple Sequence Repeat) markers, high levels of population structure were found among southern subspecies ( Figure 8 , Table 2 ); also concomitant with previous findings found with allozymes markers [67] . Similarly, high levels of within population diversity was found in A. presliana complex using AFLP markers ( Table 2) , exhibiting significant levels of among population variability and moderate levels of genetic population structure ( Table 2 ). This complex comprises of two varieties (var. presliana and var. australis), both separately distributed across Coastal and Andean mountain ranges in Chile (Figure 9) . The results from both complexes showed the existence of two heterogeneous genetic groups with no evident spatial congruence suggesting genetic differentiation among varieties or subspecies. Interestingly, several populations are individually differentiated in their genetic profiles, despite of occurring closely enough with other neighbored populations to sustain substantial levels of gene flow (Figure 9 ).
Among explanations of the observed patterns of genetic diversity found in Alstroemeria,
strategies of reproduction and dispersal become plausible enough to be considered. Alstroemeria species have a restricted capacity of seed and pollen dispersal [66] , which in combination with their vegetative reproduction by rhizomes [14, 67] , could contribute to maintaining restricted levels of gene flow and sustaining high levels of genetic structure Selected Studies in Biodiversity Towards an Integrative Taxonomy of the Genus Alstroemeria (Alstroemeriaceae) in Chile:… http://dx.doi.org/10.5772/intechopen.71823 245 among populations [67] . The sum of these factors implies that local populations could be subject to strong geographic and ecological isolation, which would explain the diversity of infraspecific taxa found in this and other species complexes [67] . In general, moderate to high levels of among population genetic diversity were detected in the studied Alstroemeria species complexes. From a conservation perspective, this pattern suggests that protection Selected Studies in Biodiversityinitiatives should consider as many populations as possible, in order to preserve the largest proportion of total species genetic diversity.
Molecular phylogenetic studies in Alstroemeria
Phylogenetic studies provide a theoretical framework to understand the relationships among populations and species. It is desirable that taxa must represent monophyletic lineages, thus reflecting the genetic, evolutionary and biogeographical integrity of lineages and species.
Under such premise, several phylogenetic studies in Alstroemeria have been conducted integrating a diverse array of molecular, morphological and cytological data [8, 9] . Chacón et al. [8] conducted the most recent and comprehensive phylogenetic studies in genus Alstroemeria, based on DNA sequences and cytological data. From taxonomic and evolutionary perspective, three are the most relevant results: (1) Samples belonging to the same species were retrieved as monophyletic; (2) a biogeographic break exists between Brazilian and Chilean species groups and (3) a relatively recent divergence has occurred with the most species of the genus, being diverged during the last 8 millions of years. Interestingly, some of these results have been confirmed from previous initiatives, especially those reflecting the monophyly of the Brazilian species group with alternative molecular markers (i.e., AFLP) [61] . Towards an Integrative Taxonomy of the Genus Alstroemeria (Alstroemeriaceae) in Chile:… http://dx.doi.org/10.5772/intechopen.71823 Despite the promising of these results, species from the Chilean group were mostly underrepresented, making difficult to obtain relevant evidence of local patterns of diversification, particularly to those depicting evolutionary trends or taxonomic integrity in species complexes. Nonetheless, while some progress has been achieved scrutinizing chloroplast sequences (rpl32-trnl), discordant results challenge the hypothesis integrity previously stated in several of these groups. While Alstroemeria hookeri and A. presliana complexes are retrieved as monophyletic clades, other groups like A. magnifica and A. ligtu are retrieved as paraphyletic (Figure 10 ).
Molecular markers in eliciting taxonomic status in Alstroemeria species complex
The delimitation of species is a fundamental step for conducting natural and applied sciences, as they represent the main study unit for most areas of research (global evaluations of biodiversity, assessment and initiatives for biological conservation, etc.) [72] . In this sense, molecular approaches in taxonomy have been used under the assumption that observed divergent patterns of genetic variation are the direct result of breaks in gene flow, leading to phenotypic and genotypic differences that sustain isolated and differentiated species and populations [69] . The simultaneous use of multiple molecular markers and criteria of delimitation has improved the taxonomic work, particularly helping to contextualize the role of microevolutionary processes in the species generation. As previously stated, species of Alstroemeria share attributes that could heavily influence patterns of micro evolutionary isolation and divergence, such as restricted seed and pollen dispersal and vegetative reproduction by rhizomes. Therefore, the wide distribution of taxonomic complexes in areas with contrasting topography and climatic conditions implies the existence of restrictions for gene flow, where substantial effects of ecogeographic isolation and divergence are expected in local diversification patterns [67] . Hence, micro evolutionary processes are currently underway and active [14] , probably producing decoupled or unnoticeable patterns of divergence. Traditional taxonomic treatment in Alstroemeria has heavily relied on the interpretation of floral diversity and vegetative attributes, which has resulted in an important number of recognized taxa and species complexes described [14] . Nonetheless, because active of micro-evolutionary divergence may not ensure congruence among the diverse phenotypic and genotypic characters, it is likely that an under or overrepresentation of taxa is currently occurring in Alstroemeria. Therefore, given that molecular data could reflect patterns of divergence more accordingly to the dynamic of local gene flow, an interesting approach is to evaluate taxonomic boundaries integrating both molecular and phenotypic data as potential taxonomic characters. Recent molecular and phenotypic integrated studies conducted in Alstroemeria complexes resulted beneficial when multiple sources of evidence are placed to solve questions about the integrity or the validity of previous taxonomic treatments. For example, when morphometric, cytogenetic and molecular data were employed in A. hookeri complex taxa [41, 67] , all analyzed characters were partially consistent with the recognition of the new subspecies Alstroemeria hookeri subsp. sansebastiana [22] , and supported the hypothesis of Muñoz & Moreira [14] of elevating Alstroemeria hookeri ssp. cummingiana to species level. Subsequent investigations were also conducted in other three complexes (A. ligtu, A. magnifica and A. presliana), eliciting similar evidence with significant taxonomic impact. In the A. magnifica complex, evidence from morphology, colorimetry and cytology support the change of the taxonomic status of A. magnifica var. magenta. Preliminary analyses based on chloroplast sequences (rpl32-trnL) also supported this observation, validating the separation of var. magenta from the other A. magnifica varieties (Figure 11) . In the A. ligtu complex, a new entity was discovered based on cytogenetic data, and its taxonomic status was redefined [57, 58] . The molecular data, based on chloroplast DNA (rpl32-trnL region) support the separation of Coastal populations of A. ligtu subsp. ligtu from populations of the inland distribution range (Figure 12) . Finally, in A. presliana, same chloroplast markers also confirm the lack of structure observed with AFLP data; nonetheless, both of them seem not concordant with previous studies conducted with phenotypic data [18, 30] . It is likely that different sources of divergence are shaping idiosyncratic processes of differentiation among species complexes of Alstroemeria, suggesting that a case by case evaluation might be required before reaching a consensus for a more genus-wide taxonomic perspective.
Perspectives and future work
Previous studies have demonstrated that a consensus about the integrity of the taxa of Alstroemeria is far from being reached, as different patterns of differentiation may difficult to be elicited separately. In this sense, molecular markers have provided a natural framework to contextualize their evolutionary process, reconciling discordance observed from different character sources. Nonetheless, despite of their utility, molecular markers are not exempt of limitations that should be addressed in subsequent studies. One of the main limitations to reach a robust taxonomic hypothesis is the recurrent difficulty to obtain consistent molecular markers adaptable enough for interspecific and intraspecific analyses. These difficulties arise from the extraordinary large and complex genomic architecture of Alstroemeria, which is likely comprised of a large proportion of repetitive DNA (18-34 pg.) [17] . Our experience suggests that most nuclear markers tend to recurrently fail to retrieve single and readable copies through recurrent Sanger sequencing techniques, especially for the Internal Transcribed Spacer or ITS. Similarly, fragment analyses also exhibit levels of difficulties for consistent scoring, since the effect that Figure 11 . Haplotype network inferred with trnL-F chloroplast spacer for individuals sampled from population of A. magnifica species complex. Network was constructed under parsimony criteria with TCS [73] , as implemented in
PopART [74] . repetitive DNA has in the proportion of cut sites with restriction enzymes [17] . Since a more widespread consensus exist about the necessity of integrating different sources of molecular evidence and methodologies in species delimitation analyses [75] , further work is required in the design of reliable and stable molecular markers for the study of natural species of Alstroemeria.
With the onset of new and more accessible technologies for genome sequencing (Next Generation Sequencing or NGS), new possibilities have opened for the generation of more representative analyses of genetic diversity [76, 77] . Unfortunately, such techniques have been not widely implemented in Alstroemeria, except important breakthroughs like the sequencing and the annotation of the chloroplast genome in A. aurea [78] . The generation of single nuclear polymorphisms (SNP) in non-model organisms has been the approach of choice for high-throughput genome sequencing, adding improved genome representation and resolution for inter and intraspecific levels relationships [79] . The implementation of SNPs might result in a significant improvement in the estimation of genetic diversity and species limits in Alstroemeria, as SNPs represent codominant markers capable of providing a higher statistical power and an easier species comparability considering the available genomic resources compared to AFLP [80] . For taxonomic purposes, SNP could greatly improve the use of DNA barcodes to identify species through the use of specific DNA regions, especially when traditional approaches of taxonomy fail [81] . Obviously, the use of NGS and SNP techniques in Alstroemeria requires adjustments to overcome the limitations imposed by genome size and complexity, for which recent alternatives have been shown from the study of other equally complex organisms [82] . As such, the perspective of solving the taxonomic problems with molecular techniques in Alstroemeria remains promising, yet keeping in perspective its own limitations and challenges to reach the require tools to finally approach the inherent dynamics of macro and micro evolutionary patterns in this group.
Concluding remarks
Genetic divergence and population structure estimated with AFLPs and ISSR, have demonstrated the importance of molecular markers for conservation purposes in Alstroemeria.
Integrative use of molecular data with other source of evidence (morphology, cytology and morphometry) give a best interpretation of lineage divergence with better argumentation for taxonomic delimitation in species complexes of Alstroemeria. Due to the high proportion of species complex in genus Alstroemeria in Chile, is necessary to carry out phylogenetic studies including the most infraspecifc taxa and more representative sampling, in addition with a major representation of the genome in the analyses. More efforts are needed in producing more stable molecular markers, in order to further implement integrative analyses. In this sense, it is likely that NGS will play a pivotal role helping to overcome present limitations of molecular work in Alstroemeria.
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